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A review of the relevant literature indicates
that no systematic investigation, applying a uni-
form method, have been used for the study of the
percutaneous absorption of metal compounds.
For individual substances, however, the demon-
stration of the penetrant in excretions and/or
various organs and disappearance of the pene-
trant from the cutaneous surface have been re-
garded as an indication of absorption (1—7). The
methods used have also varied with respect to
the species of experimental animals, area and
site of skin exposed to the penetrant, open or
occluded exposure, exposure time, type of ve-
hicle and concentration of the penetrant. Con-
sequently, it is difficult to compare the results of
different investigations.
For some years we have systematically studied
the absorption of radioactive metal compounds
through the skin of the living guinea pig by fol-
lowing the disappearance of the radioactive com-
pound from the cutaneous surface, so-called
"disappearance measurements". The results of
the studies of the absorption of cobaltous, zinc
and cadmium chlorides and silver nitrate are
presented in this paper and these data are com-
pared to our previous results. We have considered
the corn parison of the metal compounds with one
another as of primary importance, and for this
reason great significance has been attached to
the application of a uniform experimental
method. Penetrants have been applied to the
cutaneous surface in equimolar concentrations
and their disappearance has been followed with
the same electronic equipment.
MATERIALS AND METHODS
The details of the method used for making
"disappearance measurements" are given in our
earlier studies (8, 12). The radioactivity over a
skin depot, containing the isotope-labelled com-
pound in solution is measured by a scintillation
detector, The counting rate decreases continuously
187
as a function of time, indicating that absorption
through the skin has taken place. The compound
applied is subsequently found to be present in
some of the internal organs (see below). The de-
crease in activity is expressed mathematically in
terms of a disappearance constant (k min.1), and
a disappearance percentage during a 5-hour
period. Thus, it is possible to compare various
compounds, concentrations, vehicles, and meth-
ods of pretreatment of the skin.
The guinea pigs of both sexes, in about the same
proportion, weighed 300—500 grams. The penetrant
was placed on the back skin of the animals.
The energy of the gamma radiation, the half-
life of the isotopes, its availability and price
determined the compounds used.
All isotopes were obtained from the Radiochem-
ical Center, Amersham, Buckinghamshire, Eng-
land.
Sodium chromate, analytical reagent (Mallinck-
rodt Chemical Works, USA), 51Cr, half-life 27, 8
days.
Cobaltous chloride, analytical reagent (British
Drug House LTD, England) '8Co, half-life 71
days.
Zinc chloride, analytical reagent, (E. Merck,
AG, Germany), 65Zn, half-life 245 days. In certain
concentrations (0.080-0.753 M) Zn(OH)2 is pre-
cipitated, and therefore the solutions are acidified
with HC1 until the precipitate is dissolved. pH
changes are shown in table 1.
Silver nitrate, analytical reagent (J. T. Baker's
Chemical Co., USA) hlomAg, half-life 253 days.
Cadmium chloride, analytical reagent (Mathe-
son Coleman & Bell, USA) lI5mCd, half-life 43
days. This isotope is a relatively weak gamma-ray
emitter and hence a collimator with a larger area is
used than that employed for the other isotopes
(12).
Mercuric chloride, analytical reagent (E. Merck,
AG, Germany), potassium mercuric iodide (8—10)
'°'Hg, half-life 47 days. Methyl mercury dicyan-
diamide (8, 9).
Concentrations: Concentrations were chosen
which permitted direct comparison with our
earlier investigations (8—11). The lowest con-
centration was chosen on account of the specific
activity of the respective isotope, the highest was
determined by the limiting solubility in distilled
water at room temperature.
At least 10 absorption experiments were made at
each concentration.
pH determinations were made for the freshly
prepared aqueous solutions of the respective
metal compounds (pH-meter 22, Copenhagen)
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TABLE 1
Disappearance constant (5) and disappearance percentage during 5 hours for cobaltous chloride (Co),
zinc chloride (Zn), silver nitrate (Ag) and cadmium chloride (Cd) for different concentrations
k. 105 mm.' <3.4 3.4-6.6 6.7—10.1 10.2—13.5
%/5 hours <1.0 1.0—1.9 2.0-2.9 3.0—3.9
employing glass and calomel electrodes. For silver
nitrate, however, a reference electrode (303—90)
with double junction (W. Ingold, Frankfurt am
Main, Germany) was used instead. The results are
given in tables 1—2.
Organ analysis: A qualitative determination of
whether or not a compound is absorbed, which has
not been previously studied, can be obtained by a
simple screening procedure. For this purpose an
isotope solution with relatively high activity,
200—500 pC is employed, and different organs are
investigated at varying times after application. A
description of the method used for these organ
analyses has been given in a previous paper (11).
We made routine examinations of the blood,
heart, lungs, spleen, liver, kidneys, urine, in-
testines, feces, bone, muscle, lymph nodes from
the axillae and groins.
RESULTS
Disappearance measurements: Table 1 shows
the disappearance constants and the disap-
pearance percentages per 5-hour periods for
cobaltous, zinc and cadmium chlorides and silver
nitrate for various concentrations. As is ap-
parent, the absorption of these substances is
comparatively small, most of the values given
are <1.0%/5 hours. As in the case of mercury
and chromium compounds (see below) the per-
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centage absorption is, however, lowest for low
and high concentrations, whereas for some inter-
mediate concentrations a higher percentage ab-
sorption takes place, e.g. for cadmium chloride
where the mean absorption is 1.8 %/5 hours for a
concentration of 0.239 M. For these compounds,
however, the disappearance technic is not suffi-
ciently sensitive to permit a quantitative deter-
mination of the amount absorbed, but that an
actual absorption has taken place is shown by
the organ analyses (see below).
In the same way table 2 shows the disappear-
ance constants and the disappearance percentages
per 5-hour periods for mercuric chloride, methyl
mercury dicyandiamide and potassium mercuric
iodide. Some of the results have been published
earlier (8—b), but are reported here in greater
detail, furthermore, some additional concentra-
tions have been studied. These compounds have a
higher absorption rate than that of the previous
substances, the maximal absorption in a separate
experiment is about 7 %/5 hours. The relative
absorption increases with increasing concentra-
tions up to a maximum percentage, which seems
to be characteristic of each substance (Fig. 1).
If the concentration is still further increased, the
relative absorption decreases gradually, and for
high concentrations it is <1.0%/S hours.
Organ analyses: After the disappearance ex-
periments the organ contents were low, when
calculated as counts per minute per gram of wet
tissue, because of the slow absorption rate, the
high carrier amount, the short exposure time, and
the comparatively low activity (1—3 tC).
In the absorption experiments, where the
compounds studied had higher activity (200—
500 tiC), they could be found in most of the
organs. If it is desired to study only some organs
for each substance, we found that for cobaltous
chloride, urine, liver, kidneys and pancreas are
most suitable, for zinc chloride and silver ni-
trate: liver, kidneys, intestines and faeces, for
cadmium chloride: liver, kidneys, urine, for so-
dium chromate: lymph nodes, kidneys, urine,
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TABLE 2
Disappearance constant (k) and disappearance percentage during 5 hours for mercuric chloride (HgGI2),
methyl mercury dicyandiamide (CH3-Hg-DCD) and potassium mercuric iodide (K2HgI4) for
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FIG. 1. The relative absorption at different concentrations of sodium chromate, cadmium chloride,
mercuric chloride and potassium mercuric iodide (mean).
blood and for the mercury compounds: kidneys,
liver, urine and blood.
DISCUSSION
In this paper the results are reported on of
investigations of the percutaneous absorption
of cobaltous, zinc and cadmium chlorides, and
silver nitrate, and comparisons are made with
previously published studies on mercuric chlo-
ride, methyl mercury dicyandiamide, potassium
mercuric iodide and sodium chromate (8—11). The
method ("disappearance measurements") used is
the same, and an attempt has been made to
keep all the other factors as constant as possible
from a practical point of view. In view of the
fact that different salts of the labelled metals
have been used, the results obtained do not per-
mit any general conclusions with regard to the
absorption of these metals. However, if the
mercury compounds are compared with one
another, there is a difference between the ab-
sorption of mercuric chloride and of potassium
mercuric iodide (10). It is probable that similar
differences can be shown to exist for the other
substances, depending on how the metal is bound,
the type of anions, and the type of complex com-
pounds that are formed when the substance in
question is dissolved in water, etc.
In the majority of the previous investigations
of the percutaneous absorption of metal com-
pounds, the authors have concluded that some
absorption has occured if the applied substance
can be found in some internal organs or in the
excretions, in other words with these methods
only a qualitative estimation is possible. With
the method we have used, it has been possible
to determine the size of both the relative and
the absolute absorption of mercury and chro-
mium compounds. Certain objections to using
the values obtained for the calculation of the
absolute absorption have been discussed pre-
viously (8).
For mercuric chloride, potassium mercuric
iodide and sodium chromate we found that the
relative absorption increased with increasing con-
centration up to a maximum percentage, which
appeared to be characteristic of each substance.
For mercuric chloride this maximum was 3.2%/5
hours at 0.080 M, for potassium mercuric iodide
4.1 %/5 hours at 0.120 M, and for sodium chro-
mate 4.0%/5 hours at 0.261 M. See fig. 1. Cad-
mium chloride showed a similar distribution, its
maximum was at 0.239 M, but is comparatively
less, the mean is 1.8%/5 hours, and in the other
cadmium concentrations studied, there are values
<1.0%/5 hours, and thus the method does not
allow accurate calculation of the size of the
absorption. If the concentration is further in-
creased the relative absorption diminishes grad-
ually, and for high concentrations it is <1.0%/5
hours. Methyl mercury dicyandiamide has a
similar distribution, its maximal percentage ab-
190 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
—HgCI2
—-—K2HgI4
No2 Cr 04
-———CdCI2
5-
10
5
!'- A
i'
II I I
— HgCl back skin
HgClz belly skin
K2Hgl4backskin
Na2 Cr04
back skin
0 0.100 0200 0.300 0.400 0.500
sorption is 4.5%/S hours at 0.080 M; this is the
limit of its solubility in water.
In contrast, the cobaltous, zinc and silver com-
pounds show a relatively low absorption, most
of the values are <1 .0%/5 hours. (Table 1) How-
ever, for some of the intermediate concentrations
there are values of about 3%/S hours, but since
for the same concentration there are also values
less than 1 %, the mean absorption cannot be
calculated accurately on the basis of these re-
sults. However, in general, the conditions seem
to be the same as those for mercury and chro-
mium compounds, i.e. a maximal percentage
absorption for intermediate concentrations, and
relatively lower absorption for low and for high
concentrations. If we bad at our disposal a suffici-
ently sensitive method, which would enable us to
determine this relatively slight absorption for
different concentrations, it might be found that
each of these compounds also has a maximal per-
centage absorption which is characteristic of the
respective substance.
When it is a question of a qualitative demon-
stration of the absorption of a substance, it is
simpler to apply a higher activity and then to
carry out organ analyses. But as has been pre-
viously discussed (11) the disadvantage associ-
ated with this method is, that different concentra-
tions of a substance cannot be satisfactorily
investigated, but a carrier has to be added. As an
initial screening of an entirely unknown sub-
stance, and as a supplement to the disappearance
technic, this method can be of value.
On the y-axis in fig. 2 the absolute absorption is
given as m/LM per hour and cm2 exposure area,
on the x-axis is shown the molarity of the
Na2CrO4 , HgCI2 and K2HgI4 solutions applied.
When concentrations of HgCI2 varying between
0.005 and 0.080 M (1—16 mg Hg) were used,
the absolute absorption increased with rising
concentrations of mercury. However, despite
further increase in concentration and, hence,
also an increase in the total amount administered
(24—48 mg Hg), absorption does not continue
to rise appreciably, but a "plateau" is reached.
The "plateau value" for mercuric chloride is
around 150—250, for potassium mercuric iodide
around 450—500 mjiM Hg per hour and cm2, and
that for sodium chromate around 690—725 mp
M Cr per hour and cm2 (Fig. 2).
The simplest explanation of these types of ab-
sorption curves at various concentrations is
probably the protein-precipitating properties of
the metal compounds. In an earlier investigation,
however, we pretreated the skin with irritant
concentrations of mercuric chloride in order to
obtain an optimal protein precipitation, but this
had no definite effect on the rate of absorption
(10). A blocking of the sulfhydryl groups, which
may have been expected from this pretreatment,
thus, does not appreciably influence absorption.
Similar results were reported by Blank and
Gould (13), who reduced the protein-binding of
surfactants in different ways, but found that
there was no increase in penetration. From this
they concluded that protein-binding is not a ma-
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jor mechanism by which the skin impedes the
penetration of surfactants.
The absorption rate of mercuric chloride
through the stripped skin of guinea pigs is in-
creased 0—7 times, whereas that, for example,
for sodium iodide (1311) is increased 50—100 times
(12). Consequently, it appears that the obstacle
to the absorption of mercury is not due ex-
clusively to the epidermal barrier(s), but that
other factors must also be taken into account.
The first mercury molecules that come in contact
with the stripped skin surface perhaps give rise
to the precipitation of a "new barrier", which
would explain the moderate increase in the ab-
sorption rate of mercuric chloride through
stripped skin.
SUMMARY
By means of an in vivo isotope technic, the so-
called disappearance measurements, and by or-
gan analysis, a comparison was made, during a
5-hour period, between the percutaneous absorp-
tion in the guinea pig of cohaltous, zinc, cadmium
and mercuric chlorides, silver nitrate, sodium
chromate, methyl mercury dicyandiamide and
potassium mercuric iodide in aqueous sclutions.
At least 6 different concentrations of each sub-
stance were studied.
1. The relative absorption of the three mercury
compounds and of sodium chromate increased
with increasing concentration to a maximal per-
centage (3.2—4.5%/5 hour period), which ap-
pears to be characteristic of each substance.
When the concentration was still further in-
creased, the absorption decreased to less than
1%/5 hours. Cadmium chloride occupies an
intermediate position (maximum percentage
about 1.8%/S hours) whereas the mean absorp-
tion of cobaltous, zinc, and silver compounds
was relatively small (<1.0 %/5 hours).
2. The absolute absorption of the mercury and
chromium compounds increased with increasing
concentration up to a "plateau value", which also
appears to be characteristic of each substance.
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